Mechanism of sperm-zona pellucida penetration during mammalian fertilization: 26S proteasome as a candidate egg coat lysin.
Despite years of research work, biologists remain divided over the issue of zona pellucida function during fertilization and the mode of sperm-ZP penetration. The present review examines the emerging evidence for the participation of ubiquitin-proteasome pathway in the process of sperm-ZP penetration generated in the last five years in species of mammals, ascidians and invertebrates. The 26S proteasome, a multi-subunit protease, selectively recognizes, and degrades, egg coat substrate proteins tagged by a covalent ligation of a small, multimeric protein, ubiquitin. Our in vitro work with pig gametes indicates that the sperm-borne 26S proteasomes selectively degrade an ubiquitinated ZP (glyco)protein during fertilization. We suggest that one or more of the ZP proteins are ubiquitinated, and proteasomes associated with the inner acrosomal membrane, are exposed as a result of acrosomal exocytosis. Sperm-ZP penetration may involve the ZP-deubiquitination, with several proteasomal subunits becoming phosphorylated. Polyubiquitin chain recognition activities associated with the sperm acrosomal proteasome could also contribute to anti-polyspermy control after sperm-egg fusion. Here, we bring together the relevant recent data on the mechanism of sperm-ZP penetration in mammals. Such observations could possibly lead to the development of novel non-hormonal contraceptives, improvement of infertility diagnostics and optimization of assisted reproduction.